Background: Glutathione S-transferases M1 (GSTM1) is an important phase II metabolizing enzyme. The null genotype of GSTM1 causes total loss of GSTM1 enzyme activity and numerous studies have investigated the association between GSTM1 null genotype and gastric cancer risk.
Introduction
It has been well demonstrated that gastric cancer is the second leading cause of cancer related death and the fourth most common malignancy, which accounts for 9.7% of total cancer deaths worldwide [1] . As a major public health challenge, it is reported that about one million new cases of gastric cancer were diagnosed in 2008. However, the mechanism of gastric carcinogenesis is still not fully understood. Current evidence suggests that, in combination with environmental factors, low-pentrance susceptibility genes play an important role in the development of cancer [2] .
Human glutathione S-transferases (GSTs) are phase II metabolizing enzymes that are critical for protection from cancer by detoxifying numerous potentially cytotoxic or genotoxic compounds [3] . According to their amino acid sequence, immunological cross-reactivity, and substrate specificity, human cytosolic GSTs have been classified into seven families, namely GST alpha, mu, pi, sigma, omega, theta, and zeta [4, 5] . Glutathione S-transferase M1 (GSTM1), belonging to the GST mu gene family, is polymorphic and the common deletion polymorphism of GSTM1 has been extensively studied. The homozygous deletion of GSTM1 gene lead to total absence of GSTM1 enzyme activity. It was reported that the deleted GSTM1 genotype was in high percentage of human population, about 40-60% in Europeans [6] and about 50% in Asians [7] .
A lot of epidemiological studies have investigated the association of GSTM1 depletion with risk of gastric cancer and several meta-analyses have been performed to clarify this issue [5, 8, 9] . The most recent meta-analysis was conducted in 2010 [1, 6] , as well as several other similar meta-analyses and a lot of studies with larger sample size have been published [10] [11] [12] . However, limited by number of studies, previous studies failed to assess the influence of some important factors, like Helicobacter pylori infection, the well established risk factor of gastric cancer, smoking status, location of tumor, and sample size [5, 8] .
Thus, we conducted an updated meta-analysis to comprehensively assess the relationship between GSTM1 deletion polymorphism and risk of gastric cancer and evaluate the influence of confounding factors
Materials and Methods

Identification of eligible studies
This study was carried out and reported in agreement with the PRISMA guidelines for systematic reviews and metaanalyses [13] (supplementary information: Checklist S1. PRISMA checklist). Eligible case-control studies were extracted by searching databases and manual search of references of relative articles and reviews. A comprehensive literature search was carried out using electronic databases of PubMed and EMBASE. To avoid selection bias, Chinese databases like China National Knowledge Infrastructure (CNKI) was not searched. The following medical subheadings (MeSH) and key words were utilized during database searching: "glutathione Stransferase M1" or "GSTM1", "polymorphisms, single nucleotide" or "polymorphism", and "stomach neoplasms" or "gastric cancer". Alternative spellings of these key words were also considered. There was no limitation of research and the last research was performed on August 12, 2013. References of related studies and reviews were manually searched for additional studies.
Inclusion and exclusion criteria
Studies were selected according to the following inclusion criteria: (1) case-control studies; (2) investigating the association between GSTM1 deletion polymorphism and gastric cancer risk; (3) with available genotype distribution data to calculate combined odds ratios (ORs) and 95% confidence intervals (95% CIs). Studies without detail genotype distribution data were excluded. Titles and abstracts of searching records were primarily screened and full text papers were further retrieved to confirm eligibility. Two reviewers (ZY and DX) extracted eligible studies independently according to the inclusion criteria. Disagreement between two reviewers was discussed with another reviewer (SGQ) till consensus was achieved.
Data extraction
Data of eligible studies was extracted by two reviewers (ZY and DX) independently with a pre-designed data-collection form. The following data was collected: name of first author, year of publication, country where the study was conducted, ethnicity, source of control, number of cases and controls, genotype frequency in cases and controls, H. pylori infection (positive and negative), smoking status (ever-smoker and nonsmoker), tumor location (cardia and non-cardia), and Lauren's classification (diffuse and intestinal). Different ethnicity descents were categorized as Asian, Caucasian, and Latin American. For H. pylori infection and smoking status, we collected data according the original definition of eligible studies and no modification or adjustment was performed. Eligible studies were defined as hospital-based (HB) and population-based (PB) according to the control source. Two reviewers reached consensus on each item.
Statistical analysis
The association strength between GSTM1 null genotype and gastric cancer risk was measured by OR with 95% CI. The estimated ORs were achieved by pooling genotype distribution data from each eligible study. A 95% CI was used for statistical significance test and a 95% CI without 1 for OR indicating a significant increased or reduced cancer risk. The pooled ORs were calculated for the comparison of null genotype versus present genotype. Subgroup analyses were also conducted to explore the effects of confounding factors: ethnicities, sources of control, sample size, H. pylori infection, smoking status, location, and Lauren's classification.
Chi-square based Q test was used to check the statistical heterogeneity between studies, and the heterogeneity was considered significant when p<0.10 [14] . Given the significant heterogeneity and to achieve a conservative estimate, randomeffects model (based on DerSimonian-Laird method) were used to pool the data from different studies [15] . Metaregression was performed to detect the source of heterogeneity and a p<0.05 was considered significant [16] .
Publication bias was detected with Begg's funnel plot and the Egger' linear regression test, and a p < 0.05 was considered significant [17] . To test the influence of publication bias, fail-safe number for p=0.05 (Nfs 0.05 ) and p=0.01 (Nfs 0.01 ) was also calculated [18] .All statistical analyses were calculated with STATA software (version 10.0; StataCorp, College Station, Texas USA). And all P values were two-side.
Results
The detailed process of study selection was shown in Figure  1 . After comprehensive search and rigid selection, 46 eligible studies were identified [10] [11] [12] . The genotype distribution data was available for 8138 patients of gastric cancer and 13867 controls. The baseline characteristics of eligible studies were shown in Table 1 . 28 studies were carried out in Asian, 16 studies were in Caucasian, and 2 studies were in Latin American. Notably, 32 of 46 studies were of a small sample size and only 14 studies included more than 500 participants.
Overall analysis
All meta-analysis results were shown in Table 2 . By pooling all 46 eligible studies, we found the GSTM1 null genotype was associated with a significantly increased risk of gastric cancer (OR=1.217, 95% CI: 1.113-1.331, P heterogeneity <0.001; Figure 2 ). Since significant heterogeneity existed, meta-regression was performed to detect the source of heterogeneity and the results suggested that ethnicities (p<0.001), source of control(p<0.001), and sample size (p<0.001) contributed to the GSTM1 Null Genotype and Gastric Cancer PLOS ONE | www.plosone.orgheterogeneity. Egger's test (p=0.02) and Begg's test (p=0.003) found the evidence of publication bias (Figure 3) . However, the fail-safe-number was large (Nfs 0.05 =1299.9, Nfs 0.01 =602.8), which suggested that the publication bias was feeble and our result is solid.
Sub-group analysis
Ethnicities.
Sub-group analysis for ethnicities was performed and the increased risk of gastric cancer was only observed in Asians (OR=1.273, 95%: 1.137-1.426, P heterogeneity =0.002), while no significant association was found in Caucasians or Latin Americans ( Figure S1 ).
Source of control. The results showed that source of controls did not affect the pooled results and we observed a significantly increased risk of gastric cancer both in PB and HB studies.
Sample size. As shown in Table 1 , most eligible studies about GSTM1 polymorphism and gastric cancer were smallsized (less than 500 participants). The mean number of participants for "small studies" was 252 and the mean for "large studies" was 964. Sub-group analysis revealed that the pooled results did not differ between large studies and small studies, since increased susceptibility was observed in both sub-groups (Table 2) .
Helicobacter pylori infection. HP infection is a well known risk factor of gastric cancer and 4 studies provided data about HP infection status and GSTM1 genotype distribution. As shown in Table 2 , the null genotype of GSTM1 was associated with an elevated risk of gastric cancer in the HP positive subgroup (OR=1.928, 95% CI: 1.028-3.615, P heterogeneity =0.065), while no significant association was found in the HP negative sub-group (OR=0.969, 95% CI: 0.618-1.521, P heterogeneity =0.168). Smoking status. Smoking is a risk factor of various kinds of cancer, including gastric cancer, and GST family is also involved in the metabolism of various carcinogens in cigarette smoke. As shown in Table 2 , data of smoking status and GSTM1 genotype distribution were available in 12 studies. Sub-group analysis results suggested that there was no GSTM1 Null Genotype and Gastric Cancer PLOS ONE | www.plosone.orgdifference of gastric cancer risk between ever-smokers and non-smokers, because significantly increased risk was found in both sub-groups (Figure 4 ). Location and Lauren's classification. We also performed stratified analyses according to location of tumor (cardia and non-cardia) and Lauren's classification (diffuse and intestinal). The number of studies available for the sub-group analysis of location was quite small (3 studies), and no significant association of GSTM1 null genotype with gastric cancer risk was observed in neither sub-group ( Table 2) . As for sub-groups of Lauren's classification, we did not found any significant association for diffuse type cancer or intestinal type cancer.
Discussion
Genetic polymorphisms are natural DNA sequence variations and the expected frequency is about 1% among healthy population [62] . Functional genetic polymorphism in the gene regulation region or coding sequences could change gene expression or function. Additionally, genetic polymorphism may, to some degree, explain the inter-individual variation and diversity, and has been recently considered as principal genetic elements involved in the development of cancer [63] . The GST gene family encoding phase II detoxification enzymes is critical for the protection against various chemical carcinogenesis [3] . The GSTM1 enzyme is responsible for the metabolism of reactive electrophilic intermediates, including environmental pollutants and other polycyclic aromatic hydrocarbons, which are potent carcinogenic agents. Thus, impaired GSTM1 function may lead to serious DNA damage and carcinogenesis. Considering that the GSTM1 null genotype caused a complete loss of GSTM1 enzyme activity, it is biologically plausible that the GSTM1 null genotype may increase risk of gastric cancer.
Since the first study in 1991 by Strange and colleagues [64] which reported the association between the GSTM1 null genotype and increased risk of gastric cancer, a lot of epidemiological studies about the relationship between GSTM1 and gastric cancer have been conducted [23, 48, 55] . Limited by number of studies, the conclusion about GSTM1 null genotype and gastric cancer was still unclear, as well as influence of some important factors like H. pylori infection and smoking status. Since a large number of studies have been published [10] [11] [12] , it is necessary to perform an update meta-analysis to assess the association between GSTM1 and gastric cancer and explore the effect of H. pylori infection, smoking, location and Lauren's classification.
In this study, we identified 46 eligible studies, including 8138 gastric cancer cases and 13867 controls, which could provide sufficient statistic power. By pooling all available data, we found the null genotype was associated with a statistically elevated risk of gastric cancer (OR=1.217, 95% CI: 1.113-1.331), which was consistent with previous metaanalyses [8, 65] . By stratifying studies according to ethnicities, increased risk of gastric cancer was only observed in Asians and no significant association was found in Caucasians or Latin Americans, which was also in agreement with previous studies. The ethnic difference was common for genetic association studies, which may be due to different genetic background and environmental differences. Additionally, the incidence of gastric cancer is quite heterogeneous in Asia population, and the findings should be explained with caution when applied to a specific area. Notably, heterogeneity was significant in this meta-analysis (Table 2) . Meta-regression analysis indicated that ethnicities (p<0.001), source of control (p<0.001), and sample size (p<0.001) were the source of heterogeneity. For source of control, participants from hospital may have different genetic background compared with those from general population. To achieve an acute estimation of the relationship between GSTM1 null genotype and gastric cancer risk, future studies should take these factors into consideration. Helicobacter pylori, the group I carcinogen classified by World Health Organization, is one of the most important risk factors for gastric cancer [66] . By performing sub-group analysis, we only found the increased risk of gastric cancer in the H. pylori positive group (OR=1.928, 95% CI: 1.028-3.615), while there was no significant association in the H. pylori negative group (OR=0.969, 95% CI: 0.618-1.521). This finding suggested that H. pylori infection could modify the association between GSTM1 polymorphism and susceptibility to gastric cancer [67] [68] [69] . Tobacco smoke contains various carcinogens like N-nitrosamines, polycylic aromatic hydrocarbons, and heterocyclic amines, which require detoxification by different pathways, including GSTs. To assess the influence of smoking, we extracted data from 12 eligible studies and found that smoking status did not alter the relationship between GSTM1 null genotype and risk of gastric cancer. This may be explained by that GSTM1 is just a member of GST family and the null genotype will not significantly impair the overall GST enzyme activity. For location of tumor and Lauren's classification, we did not found any significant association. Given that studies included in these sub-groups were few (Table 2) , further studies are warranted.
Compared with previous meta-analysis, we included more studies and performed sub-group analyses to assess the influence of ethnicities, source of controls, sample size, H. pylori infection, smoking, tumor location, and Lauren's classification. Notably, we searched databases of PubMed and EMBASE but not China National Knowledge Infrastructure (CNKI), because CNKI Chinese-language database, which is usually not accessible for non-Chinese researchers. However, limitations of this meta-analysis should be highlighted. First, Egger's test and Begg's test suggested the evidence of publication bias. We calculated the fail-safe number and the number was large enough (Nfs 0.05 =1299.9, Nfs 0.01 =602.8) to provide credence to our results. Secondly, heterogeneity was significant in this study. To achieve a precise and conservative estimation, we used random-effects model to pool eligible studies and meta-regression found that ethnicities, source of control, and sample size were the source of heterogeneity. Thirdly, in the sub-group analysis of location, number of studies was relatively small and the results should be interpreted with caution. GSTM1 Null Genotype and Gastric Cancer PLOS ONE | www.plosone.orgTo summary, in this meta-analysis based on 46 epidemiological studies, we show that the GSTM1 null genotype is associated with increased risk of gastric cancer among Asians but not among Caucasians. The null genotype increased susceptibility to gastric cancer both in ever-smokers and non-smokers, while the significant association was only observed in H. pylori positive population.
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